US 20140240934A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2014/0240934 A1l

Tijima et al. (43) Pub. Date: Aug. 28, 2014
(54) MULTILAYER WIRING BOARD FOR AN 30) Foreign Application Priority Data
ELECTRONIC DEVICE
Jul. 2,2003 (JP) 2003-190162
(71) Applicant: Invensas Corporation, San Jose, CA Jul. 2,2003  (IP) .. 2003-190259
(US) Jul. 2,2003 (JP) 2003-190342
Publication Classification
(72) Inventors: Tomoo lijima, Tokyo (JP); Yoshitaka
Fukuoka, Tokyo (IP) (51) Int.CL
HO5K 1/18 (2006.01)
(52) US.CL
(73) Assignee: Invensas Corporation, San Jose, CA CPC ..o HO5K 17189 (2013.01); HO5K 1/182
us) (2013.01)
USPC ottt 361/749
(21)  Appl. No.: 14/271,959 (57) ABSTRACT
An electronic assembly is disclosed that includes a flexible
. insulating film, a semiconductor component that has a thick-
(22)  Filed: May 7, 2014 ness of lgss than 50 micrometers, a c%nductive interconnect
extending through the flexible insulating film, a second pat-
Related U.S. Application Data terned metal wiring film adjacent, and a third patterned metal
wiring film. The second patterned metal wiring film is elec-
(60) Continuation of application No. 13/896,911, filed on  trically coupled with the third patterned metal wiring film

May 17, 2013, which is a continuation of application
No. 12/008,546, filed on Jan. 11, 2008, now aban-
doned, which is a division of application No. 10/880,

588, filed on Jul. 1, 2004, now Pat. No. 7,342,802.

WIRING PORTION C

WIRING

through the conductive interconnect. The semiconductor
component is coupled to the first patterned metal wiring film
and at least one of the second patterned metal wiring film or
the third patterned metal wiring film.

| WIRING PORTION B
. "

PORTION A
k52 B




Patent Application Publication  Aug. 28, 2014 Sheet 1 of 6 US 2014/0240934 A1

FIG.1{(3a)

15 13 1 5 11 13 15

FIG.1(QC)

20

S



Patent Application Publication  Aug. 28, 2014 Sheet 2 of 6 US 2014/0240934 A1

FIG.2(A)
12 1

12 11

S - | Mg
186 A A A A S A T A A A A 5{]

% 40 & FIe.2 ()0 %

r

58 FIG.2(C) 42 ,_,‘50

' 1
MM%MAL?
11 20 1 P W0 5l2 40

bU 51 2 (D) 5i
( AL FIG. e

N
e
]
h
M
1 B
LA
o
Tk
% ~
%
bb.ﬂ
\w

AN <

i X
k. X T | 1 S A 3

71 V:r AVE /}/ i /\/!{1/\/ ;z:ﬂ i;ll.;;/g 7

T C~gg MO 30 27 6l
51 FIG.2 (F) 60

e H

T

p 1/ i = /‘([E’*;/‘:\'/ Y
M{ AT NS S
)




Patent Application Publication  Aug. 28, 2014 Sheet 3 of 6 US 2014/0240934 A1

FIG.3

ESISTOR
2N 11, s INDUCTOR

17 12 21 23\ 24 23 S 2111 10
WLl e
?§§#;}E;ﬁ:'?‘“'-- LoLe 'R

7

40

nes
o
e

1 ke v i NN . . . v e m ;v "‘O
LT - " * v e v a T * - . 4 s '.'
‘de""?-. T L I ..—" ’l‘l [ sy A= s —/

R e ,
PHN N4
a0—"1x :

NN A g - .k/ ) \ Tz M"M-_. }Qm
3 4 33 3
22( :CBPACITOR



Patent Application Publication  Aug. 28, 2014 Sheet 4 of 6 US 2014/0240934 A1

15 - FIG.4(a)

22C 31 10"

J

-

) ; 33 5 40
111 IS CUT oUT anp 40 32 g
OMITTED FROM DIAGRAM




Patent Application Publication  Aug. 28, 2014 Sheet 5 of 6 US 2014/0240934 A1

1208 130 110

E 'EKi l/ /]]i
FIG.5{A}
1206 170
I ]/l_ Ij o
>,x T 150
FIG.5(B) H@ H,)‘[ lmo
LLL? A
L..._(..___.LJ

L
110 160 110

110
| 77
HHETT,
= ~120L1

1
/

10
4
FIG.5(D) %% L1202




US 2014/0240934 A1

Aug. 28, 2014 Sheet 6 of 6

Patent Application Publication

i S5 1) Swera 8 o] e e T

PR A A A

¥ NOTILdOd

g NOIINOd DNIVIM

T

DONIUIM

9 "DId

o5 NOTLLEOd DNIHNIM



US 2014/0240934 Al

MULTILAYER WIRING BOARD FOR AN
ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 13/896,911, filed May 17, 2013,
which is a continuation of U.S. patent application Ser. No.
12/008,546, filed Jan. 11, 2008, which is a divisional of U.S.
application Ser. No. 10/880,588 filed Jul. 1, 2004, which
claims priority from Japanese Application No. 2003-190342
filed Jul. 2, 2003, Japanese Application No. 2003-190162
filed Jul. 2, 2003, and Japanese Application No. 2003-190259
filed Jul. 2, 2003, all of which are incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a multilayer wiring
board and a method of manufacturing the same. The multi-
layer wiring board is used as an electronic circuit part in an
electronic device such as an endoscope or a pacemaker, which
includes a circuit element such as an electronic part or a
functional passive element and which s inserted or implanted
in the human body, or passed through the human body.

DESCRIPTION OF THE RELATED ART

[0003] In particular, as regards a multilayer wiring board
for an electronic device as a medical device with a built-in
circuit element, there are a demand to downsize the device
dueto a three-dimensional arrangement of circuit elements as
well as a demand to keep a flexibility inherent in the multi-
layer wiring board in many cases. The “circuit element” used
herein is the generic term for elements constituting an elec-
tronic circuit, such as an electronic part, a functional passive
element, and a functional active element. Further, the “mul-
tilayer wiring board” is defined as a component used for the
electronic device as a specific medical device. To that end, in
light of the past achievement that a semiconductor chip as a
circuit element can exhibit a flexibility if its thickness is 50
um or smaller and a multilayer wiring board exhibiting a
flexibility by itself has been already developed, the inventors
of the present invention have hit on an idea about how to
provide an electronic device having a multilayer wiring board
with a built-in flexible semiconductor chip.

SUMMARY OF THE INVENTION

[0004] The present invention has therefore an object to
provide a multilayer wiring board with a built-in circuit ele-
ment that allows downsizing of the multilayer wiring board
and affords a diversity of circuit functions in an electronic
device.

[0005] It is another object of the present invention to pro-
vide a multilayer wiring board with a built-in flexible semi-
conductor chip and a method of manufacturing the same.
[0006] It is still another object of the present invention to
provide a multilayer wiring board that realizes a high pack-
aging density by embedding passive elements into the multi-
layer wiring board and by three-dimensionally arranging
semiconductor integrated circuit elements and the passive
elements, and a method of manufacturing the same.

[0007] It is yet still another object of the present invention
to provide a multilayer wiring board for an electronic device,
which is constituted of a rigid wiring portion including a
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circuit element and a flexible wiring portion including a flex-
ible semiconductor chip to thereby realize a still higher inte-
gration scale of the multilayer wiring board.

[0008] In order to attain the above-mentioned objects,
according to a first aspect of the present invention, there is
provided a multilayer wiring board for an electronic device,
including: at least two metal plates that are laminated and
each formed by laminating wiring films each made from a
metal layer through at least one insulating film and connect-
ing between the wiring films with an interlayer connection
pump passing through the insulating film; and a circuit ele-
ment interposed between the metal plates and connected to
one of the wiring films.

[0009] In order to attain the above-mentioned objects,
according to a second aspect of the present invention, in the
multilayer wiring board for an electronic device according to
the first aspect of the invention, the circuit element includes a
semiconductor chip embedded in one of the insulating films
and polished to have a thickness of 50 um or smaller.

[0010] In order to attain the above-mentioned objects,
according to a third aspect of the present invention, there is
provided a multilayer wiring board for an electronic device,
including: a first metal plate having a wiring film formed on
its one surface, where a terminal bump is formed on a rear
surface of at least part of the wiring film; a semiconductor
chip that is formed with a thickness of 50 um or smaller on the
one surface of the first metal plate, and is subjected to flip-
chip bonding with its electrode connected with the wiring
film; a second metal plate having on the same surface an
interlayer connection bump connected to the wiring film on
the one surface of the first metal plate, and a semiconductor
chip accommodating space for accommodating the semicon-
ductor chip, and having a wiring film formed on the other
surface, the second metal plate being laminated on the first
metal plate such that the semiconductor chip is accommo-
dated within the semiconductor chip accommodating space
and the interlayer connection bump is connected to the cor-
responding wiring film; and an interlayer insulating film
being formed between the bumps for insulating between the
bumps and between the wiring film on the first metal plate and
the wiring film on the second metal plate.

[0011] In order to attain the above-mentioned objects,
according to a fourth aspect of the present invention, in the
multilayer wiring board for an electronic device according to
the second aspect of the invention, an electrode of the semi-
conductor chip is connected with the wiring film through an
electrode connection bump made of a conductive material
and selectively formed on a surface portion of the wiring film.
[0012] In order to attain the above-mentioned objects,
according to a fifth aspect of the present invention, in the
multilayer wiring board for an electronic device according to
the first aspect of the invention, the circuit element includes a
passive element.

[0013] In order to attain the above-mentioned objects,
according to a sixth aspect of the present invention, in the
multilayer wiring board for an electronic device according to
the fifth aspect of the invention, the passive element is one
selected from the group consisting of a resistor, a capacitor,
and an inductor.

[0014] In order to attain the above-mentioned objects,
according to a seventh aspect of the present invention, in the
multilayer wiring board for an electronic device according to
the fifth aspect of the invention, the passive element is formed
in one of the insulating films such that a terminal is connected
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with the wiring film by using an element film made of an
identical/different material to/from a material for the wiring
film.

[0015] In order to attain the above-mentioned objects,
according to an eighth aspect of the present invention, in the
multilayer wiring board for an electronic device according to
any one of the third to seventh aspects of the invention, the
interlayer insulating film includes an insulating film selected
from the group consisting of a polyimide film, a liquid crystal
polymer film, a glass cloth impregnated with a B-stage resin,
and a BCB film.

[0016] In order to attain the above-mentioned objects,
according to a ninth aspect of the present invention, there is
provided a method of manufacturing a multilayer wiring
board for an electronic device, including: preparing a first
metal plate by forming a wiring film on a surface of a terminal
bump formation metal layer; preparing a semiconductor chip
that is formed with a thickness of 50 pum or smaller; preparing
a second metal plate in which an interlayer connection bump
connected to the wiring film on the first metal plate, and a
semiconductor chip accommodating space for accommodat-
ing the semiconductor chip are formed on one surface of a
wiring film formation metal layer, and the interlayer connec-
tion bump passes through the surface, and an interlayer insu-
lating film is laminated thereon outside the semiconductor
chip accommodating space; subjecting the semiconductor
chip to flip-chip bonding to one surface of the first metal plate
on a side where the wiring film is formed such that its elec-
trode is connected with the wiring film; laminating the second
metal plate through the interlayer insulating film on the one
surface of the first metal plate on the side where the wiring
film is formed by connecting to the wiring film on the second
metal plate a top surface of the interlayer connection bump
exposed to the interlayer insulating film while the semicon-
ductor chip is accommodated within the semiconductor chip
accommodating space; forming a wiring film by selectively
etching the wiring film formation metal layer of the second
metal plate; and forming a terminal bump by selectively etch-
ing the terminal bump formation metal layer of the first metal
plate.

[0017] In order to attain the above-mentioned objects,
according to a tenth aspect of the present invention, there is
provided a method of manufacturing a multilayer wiring
board for an electronic device, including: preparing a first
metal layer constituting a wiring film where a passive element
made from an element film is formed on its one surface;
preparing a second metal layer used as a base where bumps
are selectively formed on its one surface by effecting one of
selective etching and selective plating on a metal plate; lami-
nating the second metal layer on the first metal layer on a side
where the element film is formed, through an interlayer insu-
lating film such that the bumps pass through the interlayer
insulating film to be connected with the first metal layer; and
forming a wiring film connected with a terminal of the passive
element by selectively etching the first metal layer.

[0018] In order to attain the above-mentioned objects,
according to an eleventh aspect of the present invention, there
is provided a method of manufacturing a multilayer wiring
board for an electronic device, including: preparing a metal
layer constituting a wiring film where a passive element made
from an element film is formed on its surface; forming bumps
each constituting an interlayer connection conductive layer
by selectively etching a second metal layer of a laminate
metal plate prepared by laminating a first metal layer and the
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second metal layer through a third metal layer serving as an
etching stopper; laminating an interlayer insulating film on a
surface having the bumps formed thereon of the laminate
metal plate such that the bumps pass through the interlayer
insulating film; polishing a surface of each of the bumps;
bonding, for lamination, the surface having the element film
formed thereon of the metal layer to the surface of the lami-
nate metal plate on which the interlayer insulating film is
laminated such that the bumps are connected with the metal
layer; forming a wiring film connected with a terminal of the
passive element by selectively etching the metal layer having
the passive element formed thereon; and forming a wiring
film by selectively etching the first metal layer of the laminate
metal plate.

[0019] In order to attain the above-mentioned objects,
according to a twelfth aspect of the present invention, in the
method of manufacturing a multilayer wiring board for an
electronic device according to the tenth or eleventh aspect of
the invention, the passive element includes a resistor made
from the element film formed by printing on the surface of the
metal layer, carbon phenol or other low-temperature curing
organic resins, followed by drying and curing.

[0020] In order to attain the above-mentioned objects,
according to a thirteenth aspect of the present invention, in the
method of manufacturing a multilayer wiring board for an
electronic device according to the tenth or eleventh aspect of
the invention, the passive element includes a resistor made
from the element film formed by selectively applying ruthe-
nium oxide or other high-temperature calcining inorganic
thick paste to the surface of the metal layer and drying the
resultant, followed by calcination in a reducing atmosphere
furnace.

[0021] In order to attain the above-mentioned objects,
according to a fourteenth aspect of the present invention, in
the method of manufacturing a multilayer wiring board for an
electronic device according the tenth or eleventh aspect of the
invention, the passive element includes a capacitor made
from the element film formed by selectively applying to the
surface of the metal layer a low-temperature curing organic
resin mainly containing barium titanate, followed by drying
and curing.

[0022] In order to attain the above-mentioned objects,
according to a fifteenth aspect of the present invention, in the
method of manufacturing a multilayer wiring board for an
electronic device according to the tenth or eleventh aspect of
the invention, the passive element includes a capacitor made
from the element film formed by selectively applying a high-
temperature calcining inorganic thick paste mainly contain-
ing barium titanate on the surface of the metal layer and
drying the resultant, followed by calcination in a reducing
atmosphere furnace.

[0023] In order to attain the above-mentioned objects,
according to a sixteenth aspect of the present invention, there
is provided a multilayer wiring board for an electronic device,
including: three or more wiring films laminated through insu-
lating films; a bump for interlayer connection, formed on one
of the two wiring films insulated from each other, and con-
nected with the other thereof at its top portion; a first wiring
portion incorporating the circuit element according to the first
aspect of the invention; and a second wiring portion consti-
tuted of the multilayer wiring board according to the third
aspect of the invention.

[0024] In order to attain the above-mentioned objects,
according to a seventeenth aspect of the present invention, in
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the multilayer wiring board for an electronic device according
to the sixteenth aspect of the invention, a semiconductor chip
of the second wiring portion is prepared through one of a
process for polishing a rear surface of a semiconductor wafer
to a thickness of 50 pm or smaller with the semiconductor
wafer having integrated circuits formed on a front surface,
and cutting the semiconductor watfer on the basis of the inte-
grated circuit, and a process for cutting the semiconductor
wafer having the integrated circuits formed thereon such that
the integrated circuits are separated from one another, fol-
lowed by polishing a rear surface of each of the integrated
circuits to a thickness of 50 um or smaller, and the semicon-
ductor chip is subjected to flip-chip bonding to a wiring film
of the second wiring portion.

[0025] In order to attain the above-mentioned objects,
according to an eighteenth aspect of the present invention, in
the multilayer wiring board for an electronic device according
to the sixteenth or seventeenth aspect of the invention, the
bump is formed integrally with the wiring film by etching a
second metal layer of a laminate metal plate prepared by
laminating a first metal layer constituting the wiring film after
etching and the second metal layer constituting the bump after
etching through a third metal layer constituting an etching
barrier.

[0026] Hereinafter, a description will be made ofa structure
of the present invention while focused on first to third
embodiments of the present invention with reference to the
accompanying drawings. Through the drawings, the same
reference symbols denote the same members.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Inthe accompanying drawings:

[0028] FIGS. 1A to 1C are sectional views of a multilayer
wiring board according to a first embodiment of the present
invention, in which FIG. 1A shows the multilayer wiring
board in a normal state, FIG. 1B exaggeratingly shows the
multilayer wiring board in a bent state, and FIG. 1C exagger-
atingly shows a built-in semiconductor chip in a bent state;
[0029] FIGS. 2A to 2F are sectional views each showing an
example of a method of manufacturing the multilayer wiring
board of FIGS. 1A to 1C in the step order;

[0030] FIG. 3 is a sectional view showing a multilayer
wiring board for an electronic device according to a second
embodiment of the present invention;

[0031] FIGS. 4A to 4C each show a method of manufac-
turing a multilayer wiring board for an electronic device
according to an embodiment of the present invention in the
step order;

[0032] FIGS. 5A to 5D show different examples of a pas-
sive element incorporated into the multilayer wiring board
according to the second embodiment ofthe present invention;
and

[0033] FIG. 6 is a sectional view showing a multilayer
wiring board with a built-in circuit element according to a
third embodiment of the present invention.

DETAILED DESCRIPTION

First Embodiment

[0034] Hereinafter, the present invention will be described
in detail according to a first embodiment of the present inven-
tion with referent to the corresponding drawings. FIGS. 1A to
1C are sectional views each showing a multilayer wiring
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board for an electronic device according to the first embodi-
ment of the present invention. The multilayer wiring board for
an electronic device exhibits a flexibility.

[0035] FIG. 1A shows the multilayer wiring board in a
normal state. FIG. 1B exaggeratingly shows the multilayer
wiring board in a bent state. FIG. 1C exaggeratingly shows a
built-in semiconductor chip in a bent state.

[0036] Themultilayer wiring board is used for an electronic
device as a medical device requiring a flexibility, such as an
endoscope or a cardiac pacemaker. Note that the multilayer
wiring board itself may be referred to as the electronic device;
the wiring board is basically defined as a part generally used
in a special-purpose electronic device.

[0037] InFIGS. 1A to 1C, reference numeral 11 denotes a
wiring film formed into a predetermined pattern by selective
plating with nickel (0.5 to 2 um in thickness, for example) and
copper (3 to 18 um in thickness, for example), for instance.
Formed on the wiring film 11 are plural electrode connection
bumps 12 prepared by plating with gold, for instance, and
connected with an electrode of a semiconductor chip 20 such
as a semiconductor integrated circuit chip or a large scale
integrated circuit chip. The semiconductor chip 20 as a circuit
element has a main surface facing a surface where each bump
12 is formed and has electrodes each connected with the
corresponding electrode connection bump 12 through flip
chip bonding.

[0038] Denoted by 30 is an insulating film covering the
main surface of the semiconductor chip 20 and insulating the
semiconductor chip 20 from the wiring film 11. The insulat-
ing film is made of an insulating material with a flexibility, for
example, an underfill resin or film (ACF, ACP, NCF, or NCP).

[0039] The semiconductor chip 20 is adjusted to a thickness
of 10 to 50 um so as to exhibit a flexibility by polishing a
surface opposite to the main surface on which the integrated
circuit is formed, i.e., a rear surface of a semiconductor sub-
strate (semiconductor substrate after cut into a semiconductor
chip or still in a wafer state). In addition, the substrate is cut
into a chip whose size is about 20 mm on a side, for example.
In this way, the semiconductor chip 20 taking a rectangular
shape (e.g., about 20 mm on a side) and having a thickness of
50 um or smaller is bent as shown in FIG. 1C.

[0040] A terminal bump 13 made of copper is formed on an
opposite side to the semiconductor chip 20 of the wiring film
11 and used for leading out each electrode of the semicon-
ductor chip 20 to the outside. Solder balls 15 are each formed
to entirely cover the terminal bump 13 with a thickness of 50
to 200 um and a diameter of 50 to 250 pm and arranged at a
pitch of 300 to 800 pm.

[0041] Aninterlayer insulating film 40 is an insulating film
made of, for example, polyimide film, a liquid crystal poly-
mer film, or a glass cloth impregnated with a B-stage resin.
This interlayer insulating film functions to insulate the wiring
film from a wiring film 51 described later and has a chip
accommodating space 42 for accommodating the semicon-
ductor chip 20. An interlayer connection bump 52 described
below passes through the interlayer insulating film 40.

[0042] The wiring film 51 is made of, for example, copper.
Formed on its rear surface are the plural interlayer connection
bumps 52 having a diameter of about 50 to 100 um. The
respective interlayer connection bumps 52 electrically con-
nect between the wiring films 11 and 51 at predetermined
positions. On the other hand, an insulating film 60 is formed
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on a front surface of the wiring film 51. The total thickness of
the wiring film 11 to the insulating film 60 is about 50 to 100
pm.

[0043] The above multilayer wiring board well exhibits a
flexibility even when the semiconductor chip 20 is
unmounted. The semiconductor chip 20 itself can, as long as
its thickness is not more than 50 pm, exhibit a flexibility as
shown in FIG. 1C, which means that if mounted with the
semiconductor chip 20, the multilayer wiring board has a
flexibility as shown in FIG. 1B.

[0044] Accordingly, in the case where this multilayer wir-
ing board is used for an electronic device such as an endo-
scope, a pacemaker, or a sphygmomanometer, which is
inserted or implanted in the human body or passed through
the human body, the board can match with the human body on
account of its flexibility. As a result, it is possible to minimize
an influence of such an electronic device on the human body.
[0045] FIGS. 2A to 2F are sectional views each showing an
example of a method of manufacturing the multilayer wiring
board of FIGS. 1A to 1C in the step order.

[0046] (A) As shown in FIG. 2A, first of all, a first metal
plate 16, the semiconductor chip 20, and a second metal plate
56 are prepared. The semiconductor chip 20 is adjusted in
advance to have a thickness of 10 to 50 pum to thereby exhibit
a flexibility.

[0047] The first metal plate 16 as one member to be pre-
pared is formed as follows. That is, on one surface of a copper
layer 10 with a thickness of about 50 um, which serves as the
copper-made terminal formation bump 13, the wiring film 11
is formed, which is made of, for example, nickel or copper
and has a thickness of, for example, about 5 to 12 pm by
selective plating, for example. In addition, on a surface por-
tion of the wiring film 11, the electrode connection bumps 12
are selectively formed, which are made from, for example, a
nickel film and a gold (or copper) film, or a nickel film, a
copper film, and a gold film by selective plating, for example.
The selective plating is a method of forming a resist film
having a negative pattern with respect to a target pattern and
carrying out plating with the resist film used as a mask to
obtain an objective film.

[0048] The semiconductor chip 20 as another member to be
prepared is adjusted in advance to have a thickness of 10 to 50
um to thereby exhibit a flexibility as described above.
[0049] A base of the second metal plate 56 as the other
member to be prepared is obtained as follows. That is, a metal
plate is formed with a three-layer structure where a wiring
film formation copper layer 50 and a bump formation copper
layer are laminated through a nickel film with a thickness of
about 0.5 to 2 um. The wiring film formation copper layer 50
has a thickness of about 3 to 18 um and forms the wiring film
51. The bump formation copper layer has a thickness of about
30to 100 um and serves as the interlayer connection bump 52.
Then, the bump formation copper layer is subjected to photo-
etching to form the interlayer connection bump 52. The sur-
face of the nickel film is exposed and further etched using as
an etching mask the left interlayer connection bump 52.
[0050] The second metal plate 56 has no interlayer connec-
tion bumps 52 at a portion where the semiconductor chip 20
is to be mounted when the second metal plate 56 is laminated
on the first metal plate 16 connected with the semiconductor
chip 20 through flip-chip bonding. The second metal plate 56
has the semiconductor chip accommodating space 42 for
accommodating the semiconductor chip 20 at the portion
instead.
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[0051] The interlayer connection bump 52 passes through
the second metal plate 56, on which the interlayer insulating
film 40 having a pattern not covering the semiconductor chip
accommodating space 42 (pattern with a device hole) is lami-
nated.

[0052] The interlayer insulating film 40 is made from an
insulating film such as a polyimide film, a liquid crystal
polymer film, a glass cloth impregnated with a B-stage resin,
or a BCB film. The semiconductor chip accommodating
space 42 for arranging the semiconductor chip 20 is defined in
the interlayer insulating film 40, which can be called the
device hole with a size of about 20 mmx20 mm, for example.
Note that the thickness of the interlayer insulating film 40 is
almost the same as that of the semiconductor chip 20 or is
larger than that of the semiconductor chip 20 by about 1 to 5
pm.

[0053] Further, a gap filling resin 58 is applied on the semi-
conductor chip accommodating space 42, in other words, the
portion where the semiconductor chip 20 is mounted. This is
for causing no gap between the semiconductor chip 20 and the
second metal plate 56 and to insulate the wiring film 51
formed by etching the reverse side of the semiconductor chip
20 and the copper layer 50.

[0054] (B) Next, an insulating material (the insulating film
30) made of an underfill resin or film (ACF, ACP, NCF, or
NCP) is applied onto the portion of the first metal plate 16 at
which the semiconductor chip 20 is mounted. The semicon-
ductor chip 20 is mounted onto and connected with the first
metal plate 16 through flip-chip bonding such that each elec-
trode of the chip is connected with the corresponding elec-
trode connection bump 12 on the wiring film 11. In this case,
the insulating film 30 is interposed between the semiconduc-
tor chip 20 and the first metal plate 16. FIG. 2B shows a state
after the flip-chip bonding.

[0055] (C) Subsequently, as shown in FIG. 2C, the second
metal plate 56 is laminated on the first metal plate 16 having
the semiconductor chip 20 mounted thereon. More specifi-
cally, the lamination is carried out in such a way that makes
the semiconductor chip 20 accommodated within the semi-
conductor chip accommodating space 42 and connects with
the wiring film 11 the top surface of the interlayer connection
bump 52 that passes through the interlayer insulating film 40.
[0056] InFIG.2C, the gap filling resin 58, which causes no
gap between the semiconductor 20 and the second metal plate
56 and to insulate electrically the wiring film 51 formed by
etching the reverse side of the semiconductor 20 and the
copper layer 50, is not described by omitting it.

[0057] (D) Then, as shown in FIG. 2D, the wiring film 51 is
formed by selectively etching the wiring film formation cop-
per layer 50 of the second metal plate 56, followed by forming
a covering layer 60.

[0058] (E) Following this, as shown in FIG. 2E, resist films
64 used as an etching mask are selectively formed on the
terminal bump formation copper layer 10 for forming a ter-
minal bump by selectively etching the copper layer 10 of the
first metal plate 16.

[0059] (F) Next, as shown in FIG. 2F, the terminal bump 13
is formed by etching the terminal bump formation copper
layer 10 using each resist film 64 as a mask.

[0060] After that, although not shown in FIGS. 2A to 2F,
the resist film 64 is peeled off and the nickel film is removed
through etching by using the terminal bump 13 as a mask to
form the solder ball 15 surrounding the terminal bump 13.
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[0061] As mentioned above, in the multilayer wiring board
according to this embodiment, the semiconductor chip 20 is
embedded in between the two wiring films (11 and 51) and the
insulating film 30 or the interlayer insulating film 40, for
example, surrounds and protects the chip. Therefore, the
semiconductor chip 20 can be designed to have a thickness
small enough to exhibit the flexibility, which is 50 um or
smaller. The multilayer wiring board can attain a flexibility in
its entirety.

[0062] Note that the present invention is not limited to the
above embodiment but allows various modifications. Modi-
fied examples thereof include the following.

[0063] (1) The multilayer wiring board of the two-layer
structure has been described, but the number of layers can be
arbitrarily set.

[0064] (2) The semiconductor chips 20 may be provided for
each layer in an arbitrary number. In addition to the semicon-
ductor chip 20, any other passive functional elements such as
a resistor and a capacitor may be incorporated therein.
[0065] (3) The thickness of the copper layer etc. constitut-
ing the wiring films 11 and 51, the thickness and material of
the insulating film 30 and the interlayer insulating film 40,
and the like are not limited to the illustrated ones.

[0066] (4) The wiring film 51 is formed using the metal
plate of three-layer structure including an etching stopper
made from a nickel film. The formation method and material
therefor are not limited to the illustrated ones.

[0067] (5) In the above embodiment as shown in FIGS. 1A
to 2F, the wiring film 11 is formed by selectively plating the
surface of the copper layer 10 with nickel or copper. Further,
the plural bumps 12 for mounting the semiconductor chip are
formed at predetermined portions of the wiring film 11. How-
ever, the formation method for the wiring film 11 is not
limited to this method. For example, it is possible that a
copper layer serving as the wiring film 11 is used, the plural
bumps 12 for mounting the semiconductor chip are formed at
predetermined portions on the copper layer, and the copper
layer is etched to thereby form the wiring film 11.

[0068] (6) In the above embodiment, the plural bumps 12
for mounting the semiconductor chip 20 are formed at pre-
determined portions of the wiring film 11. However, it is
possible to dispense with the bumps 12 in the case where
connection bumps are formed on the semiconductor chip 20
side.

[0069] (7) In the above embodiment, the thickness of the
interlayer insulating film 40 is almost the same as that of the
semiconductor chip 20 or is larger than that of the semicon-
ductor chip 20 by about 1 to 5 um. However, the insulating
film thickness may set to ¥4 or %4 of the second copper layer
of the second metal plate 56, which forms the interlayer
connection bump 52.

Second Embodiment

[0070] Hereinafter, the present invention will be described
in detail according to a second embodiment of the present
invention with reference to the corresponding drawings. FIG.
3 is a sectional view showing a multilayer wiring board
according to the second embodiment of the present invention.
[0071] The multilayer wring board has a four-layer struc-
ture where the wiring film 11 and a wiring film 41 constitute
both surfaces of the board, which sandwich wiring films 21
and 31 each having a passive element formed at the center, the
four films being laminated. Interlayer insulating films 40, 40",
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and 40" are interposed between the wiring films 11 and 21,
between the wiring films 21 and 31, and between the wiring
films 31 and 41, respectively.

[0072] The wiring film 11 is formed as follows. That is, an
interlayer connection bump 12' is formed by selectively etch-
ing the second copper layer of the metal plate of the three-
layer structure where the first copper layer 10 with a thickness
of about 3 to 18 um and the second copper layer with a
thickness of about 50 to 100 ware laminated through an
intermediate layer as a nickel layer with a thickness of about
0.5 to 2 After that, the first copper layer 10 is selectively
etched as described later.

[0073] The wiring film 11 includes an inductor 111, formed
according to a coil-shaped pattern, in addition to general
wirings. The wiring film 41 is formed by selectively etching a
copper layer 10" as mentioned below. The wiring film 41 is
substantially the same as the wiring film 11 except for the
pattern shape and the bump arrangement for bumps 41'.
[0074] The wiring film 21 is formed by selectively etching
a copper layer 10' as described below. (Plural) silver paste
electrodes 23, 23 are formed apart from each other on the
wiring film 21. Further, a resistance film (element film) 24
made of a low-temperature curing organic resin such as car-
bon phenol is formed on the silver paste electrodes 23, 23 to
connect therebetween, for example. The resistance film 24
and the silver paste electrodes 23, 23 constitute a resistor
element 22R as a passive element.

[0075] The wiring film 31 is formed by selectively etching
a copper layer 10" as described below. The wiring film 31 is
connected with a capacitor 22C as a passive element serving
as a circuit element. Reference numeral 33 denotes a dielec-
tric layer (element film) made of a low-temperature curing
organic resin mainly containing barium titanate, for example.
The layer constitutes a dielectric of the capacitor 22C and
overlaps with part of the wiring film 31.

[0076] The wiring film 31 constitutes one electrode of the
capacitor 22C at a portion overlapping with the dielectric
layer 33.

[0077] Note that it is also possible to form the resistance
film (resistor element) 22R using the low-temperature curing
organic resin such as carbon phenol or the dielectric layer 33
using a printed film made of the low-temperature curing
organic resin mainly containing barium titanate by selectively
applying a paste-like material through printing etc. and then
drying the applied paste, followed by thermally curing the
resultant at around 200° C. Otherwise, the formation thereof
can be performed by thermally curing the whole, followed by
selective etching.

[0078] Denoted by 32 is a silver paste film having a portion
facing the one electrode through the dielectric layer 33
(printed film) and a portion connected with the wiring film 31.
The portion facing the one electrode constitutes the other
electrode of the capacitor 22C.

[0079] The interlayer insulating films 40, 40', and 40" are
made of polyimide film, a liquid crystal polymer film, or a
prepreg (glass cloth impregnated with a B-stage resin) used
for various printed wiring boards, with a thickness corre-
sponding to ¥4 or %4 of the second copper layer.

[0080] The wiring film 21 is connected with the wiring film
11 at a predetermined portion through the interlayer connec-
tion bump 12' formed on the wiring film 11 so as to pass
through the interlayer insulating film 40. Also, the wiring film
31 is connected with the wiring film 41 at a predetermined
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portion through the bump 41' formed on the wiring film 41 so
as to pass through the interlayer insulating film 40".

[0081] Note that although not shown, the wiring films 11
and are provided with external connection electrodes at pre-
determined portions as well as bumps for connecting between
the wiring films 11 and 41 at predetermined portions.

[0082] FIGS. 4Ato 4C are sectional views each showing an
embodiment of a method of manufacturing a multilayer wir-
ing board according to the present invention in the step order.
Hereinafter, referring to FIGS. 4A to 4C, a method of manu-
facturing the multilayer wiring board for an electronic device
will be described.

[0083] (A)AsshowninFIG. 4A, formed is the copper layer
10 serving as the wiring film 11 or the inductor 111 made
from the wiring film 11 later with the bump 12' formed on a
rear surface thereof. The interlayer insulating film 40 is pre-
pared. The copper layer 10' that serves as the wiring film 21
later is formed where the passive element, for example, the
resistor 22R and the silver paste electrodes 23, 23 as elec-
trodes for the resistor formed are formed on its front surface.
The interlayer insulating film 40' is prepared. The copper
layer 10" that serves as the wiring film 31 later is formed
where the passive element, for example, the capacitor 22C are
formed on its rear surface. The copper layer 10" that serves as
the wiring film 41 later is prepared where the bump 41' is
formed on its front surface.

[0084] The copper layer 10 first constitutes the first copper
layer of the metal plate of three-layer structure obtained by
laminating the first copper layer with a thickness of about 3 to
18 um and the second copper layer with a thickness of about
50to 100 um through the nickel layer constituting the etching
barrier with a thickness of about 0.5 to 2 um.

[0085] The second copper layer of the metal plate is sub-
jected to photo-etching to form the interlayer connection
bump 12' and the nickel layer is etched using the bump 12' as
amask to thereby complete the copper layer 10 with the bump
12' as shown in FIG. 4A.

[0086] The copper layer 10' is formed by printing the (plu-
ral) silver paste electrodes 23, 23 on its surface, followed by
drying, for example. Further, the resistance film (resistor ele-
ment) 22R made of a low-temperature curing organic resin
such as carbon phenol is printed over the silver paste elec-
trodes 23, 23 so as to connect therebetween, followed by
drying.

[0087] The copper layer 10" is formed such that a passive
element as a circuit element, for example, the dielectric layer
(printed film) of the capacitor 22C is printed on its rear sur-
face and in addition, the silver paste film 32 constituting the
other electrode of the capacitor 22C is printed. The dielectric
layer 33 and the silver paste film 32 are dried after being
printed.

[0088] The copper layer 10™ is formed similarly to the
copper layer 10.

[0089] The interlayer insulating films 40, 40', and 40" are
formed of, for example, polyimide film, a liquid crystal poly-
mer film, or a prepreg used for various printed wiring boards.
[0090] (B) Next, as shown in FIG. 4B, the copper layers 10
and 10' are integrally laminated through the interlayer insu-
lating film 40. In addition, the copper layers 10" and 10" are
integrally laminated through the interlayer insulating film
40". Following this, the copper layers 10 and 10' constituting
both surface layers of the thus integrated structure are selec-
tively etched. The same applies to the copper layers 10" and
1 0||| .
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[0091] To detail this, the copper layers 10 and 10' are inte-
grated through the interlayer insulating film 40 as follows.
[0092] First, the interlayer insulating film 40 overlaps with
the surface having the bump 12' formed thereon of the copper
layer 10 and is then pressurized against the bump 12' for
lamination in such a way that allows the bump 12' to penetrate
the interlayer insulating film 40 with any protective film or
cushioning material being interposed therebetween. Then,
the cushioning material is peeled off and the exposed surface
is polished so as to be flush with the surfaces of the other
portions. After that, the protective film is peeled off (in this
state, the bump 12' protrudes from the interlayer insulating
film 40), and after a while, the copper layer 10' is laminated on
the polished surface under pressure and heat.

[0093] Atthis point, the interlayer insulating film 40 exhib-
its viscosity due to heating, and hence the layers can be
insulated from each other without damaging the resistor 22R
or other such passive elements.

[0094] Also, the copper layers 10" and 10" can be inte-
grated through the interlayer insulating film 40" as follows.
That is, the interlayer insulating film 40" overlaps with the
surface having the bump formed thereon of the copper layer
10™ and is then pressurized against the bump 41' for lamina-
tion in such a way that allows the bump 41' to penetrate the
interlayer insulating film 40" with any protective film or
cushioning material being interposed therebetween. Then,
the cushioning material is peeled off and the exposed surface
is polished so as to be flush with the surfaces of the other
portions. After that, the protective film is peeled off (in this
state, the bump 41' protrudes from the interlayer insulating
film 40"), and after a while, the copper layer 10" is laminated
on the polished surface under pressure and heat. At this point,
the interlayer insulating film 40" exhibits viscosity due to
heating, and hence the layers can be insulated from each other
without damaging the capacitor 22C or other such passive
elements.

[0095] Then, the wiring films 11 and 21 are formed by
selectively etching the copper layers 10 and 10' constituting
both surface layers of the integrated structure where the cop-
per layers 10 and 10' are laminated through the interlayer
insulating film 40.

[0096] Also, the wiring films 31 and 41 are formed by
selectively etching the copper layers 10" and 10" constituting
both surface layers of the integrated structure where the cop-
per layers 10" and 10" are laminated through the interlayer
insulating film 40". The same applies to the copper layers 10'
10”'.

[0097] Note that at a stage of FIG. 4B, the interlayer insu-
lating film 40' is not used. In FIG. 4B, the inductor 11L
formed from the wring film 11 is omitted for showing the
resistor 22R formed below the inductor; the resistor is indi-
cated by the dashed line. The inductor 11L is not omitted but
shown in FIG. 4C.

[0098] (C) Next, as shown in FIG. 4C, the laminate com-
posed of the wiring film 11, the interlayer insulating film 40,
and the wiring film 21, and the laminate composed of the
wiring film 31, the interlayer insulating film 40", and the
wiring film (copper layer) 41 are integrally laminated through
the interlayer insulating film 40" under pressure and heat. The
multilayer wiring board as shown in FIG. 3 is thus completed.
[0099] Inthis way, the multilayer wiring board according to
this embodiment has the passive element as the circuit ele-
ment embedded therein. Thus, there is an advantage that the
semiconductor integrated circuit elements or the passive ele-
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ments can be stereoscopically (three-dimensionally)
arranged, which offers a multilayer wiring board with high
packaging density. FIGS. 5A to 5D show different examples
of a passive element incorporated into the multilayer wiring
board.

[0100] The passive element as the circuit element of FIG.
5A is a resistor (resistor element). In FIGS. 5A to 5D, refer-
ence numeral 100 denotes an interlayer insulating film; 110
and 111, wiring films made of copper; and 120R, a resistor
element. Electrodes 140 are each formed from, for example,
a printed silver paste film and connected with the wiring film
110. Formed between the electrodes 140, 140 is a resistance
film 130 as a printed layer made of a low-temperature curing
organic resin such as carbon phenol. The resistance film 130
constitutes the resistor element 120R. Reference numeral 150
denotes a bump.

[0101] Note that the resistance film 130 may be patterned
such that a wire width is narrowed and a wire extends in
zigzags to lengthen the wire using the same material, for
example, or such that its occupying area is reduced to have a
high resistance value. The bump 150 is an interlayer connec-
tion bump.

[0102] The resistor 120R can be prepared by printing a
silver paste film, for example, on one surface of the copper
layer forming the wiring film 110 to thereby form the elec-
trodes 140, 140, and then printing a low-temperature curing
organic resin such as carbon phenol, and drying and curing
the resultant to thereby form the resistance film 130.

[0103] The bump 150 is formed on one surface of the other
copper layer. The interlayer insulating film 100 is laminated
on the one surface such that the bump 150 penetrates the
interlayer insulating film. The copper layer having the resistor
120R formed thereon is laminated on the other copper layer in
such a way that connects the top surface of the bump 150 with
the copper layer having the resistor 120R formed thereon.
Thereafter, the copper layers at both sides of the laminate are
selectively etched to thereby form the wiring films 110 and
111.

[0104] Note that, both terminals of the resistance film 130
may be directly connected with the wiring film 110 instead of
forming the electrodes using the conductive paste films.

[0105] A passive element as a circuit element of FIG. 5B is
a capacitor (capacitor element) 120C. Reference numeral 160
denotes a dielectric layer constituting a dielectric of the
capacitor 120C, which is made of, for example, barium titan-
ate. The dielectric layer 160 is formed while overlapping with
some region of the wiring film 110. A silver paste film 170 is
formed on the dielectric layer 160 and over the wiring film
110 having the dielectric layer 160 formed thereon and the
other wiring film 110. A portion of the silver paste film 170
facing the wiring film 110 through the dielectric layer 160
constitutes an electrode of the capacitor (capacitor element)
120C.

[0106] Passive elements of FIGS. 5C and 5D are inductors
(inductor elements) 12011 and 120L.2, respectively, which
are formed according to different patterns. The inductors
12011 and 12012 are formed by using the wiring film 110 as
is, i.e., by merely patterning the wiring film 110 into a spiral
shape and a meander shape, respectively. Note that as for the
inductor 12011 formed by patterning the wiring film 110 into
a spiral shape, the interlayer connection bump or other such
interlayer connection means may be used for taking out its
internal electrode.
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[0107] The above embodiments are each presented only as
one embodiment of the present invention and the present
invention may allow various modifications.

[0108] The modification is represented by the following,
for example.
[0109] (1) Asthe embodiment of the present invention, the

multilayer wiring board of the four-layer structure is
employed, but an arbitrary number of layers may be used.
Accordingly, the inductor 11L of FIG. 3 is formed on the
wiring board surface in the structural example of FIG. 3.
However, needless to say, the inductor may be embedded in
the inner layer of the wiring board as needed.

[0110] (2) Itis possible to arbitrarily set the type and num-
ber of passive elements as the circuit elements (i.e., the induc-
tors 111, 12011, and 12012, the resistor 22R, and the capaci-
tors 22C and 120C) provided for each layer.

[0111] (3) The description has been made of the formation
of'the resistors 22R and 120R, or the capacitors 22C and 120C
with the low-temperature curing organic resin. However, it is
possible to adopt a method of printing a high-temperature
calcining inorganic resin thick paste film and drying the film,
and then sintering the resultant film in a reducing atmosphere
furnace to form the above elements. In this case, an inorganic
paste (ruthenium oxide, lanthanum boride, tin oxide, or the
like) is used for the resistor 120R, while an inorganic paste
mainly containing barium titanate is used for the capacitor
120C. Also, the passive element or electrode of the passive
element may be formed through not printing but overall sin-
tering treatment and selectively etching the film thus formed.
[0112] (4) The thickness of the copper layer etc. constitut-
ing the wiring films 11 and 41, the thickness and material of
the insulating films 40 to 40", and the like are not limited to
the illustrated ones.

[0113] (5) The resistor 120R is prepared such that the silver
paste electrodes 140, 140 are formed on the surface of the
copper layer (wiring film 110) and in addition, the resistance
film 130 is formed to connect therebetween. Part of the wiring
film 110 may constitute the electrodes, and the resistance film
130 may connect therebetween instead.

[0114] (6) The wiring films 11 and 41 are formed using the
metal plate of three-layer structure having the etching stopper
made from nickel layer, but the formation method and mate-
rial therefor are not limited to the illustrated ones.

Third Embodiment

[0115] Hereinafter, the present invention will be described
in detail according to a third embodiment of the present
invention with reference to the corresponding drawings. FIG.
6 is a sectional view showing a multilayer wiring board for an
electronic device with a built-in circuit element according to
the third embodiment of the present invention.

[0116] The multilayer wiring board with a built-in circuit
element is prepared by laminating wiring films 1, 2, 3, 4, 5,
and 6 through interlayer insulating films 1', 2', 3', 4, and 5'
made of polyimide film, a liquid crystal polymer film, or a
BCB film. The board has a rigid wiring portion A composed
of all the wiring films 1 to 6, a flexible wiring portion B
composed of part of the wiring films 3 and 4, which extend
from the wiring portion A, and a flexible wiring portion C
composed of part of the wiring films 3 and 5, which extend
from the wiring portion A.

[0117] The wiring film 1 is made from a copper layer
formed into a predetermined pattern. The plural bumps 12' are
formed on one surface of the wiring film 1 for connection with
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the wiring film 2. The plural external connection terminals 13
are formed on the other surface (surface opposite to the sur-
face where the bumps 12' are formed) of the wiring film 1.
[0118] The bumps 12' are each formed integrally with the
wiring film 1 by etching a laminate metal plate obtained by
laminating copper with a thickness of about 3 to 18 w, which
forms a wiring pattern after etching, and copper with a thick-
ness of 30 to 100 w, which forms the bump 12' after etching,
through nickel with a thickness of 0.5 to 2.0 w, which forms
an etching barrier.

[0119] The wiring films 1 and 2 are connected to each other
through the bump 12' passing through the insulating film 1'.
Also, the external connection terminals bump 13 are each
constituted of a terminal bump 13 connected with the wiring
film 1 and a solder ball 15 covering the external connection
terminal bump 13.

[0120] The wiring film 2 is made from a copper layer
formed into a predetermined pattern and plural bumps 25 are
formed on the wiring film 2. The wiring film is partially
patterned into a meander shape to constitute an inductor L.
The bumps 25 are each formed for connecting between the
wiring films 2 and 3. Denoted by C is a capacitor composed of
adielectric film 22 applied to a portion serving as an electrode
and a silver paste electrode 23 formed on the dielectric film 22
through the application.

[0121] The wiring film 3 is made from a copper layer
formed into a predetermined pattern. Formed on one surface
of the wiring film 3 are plural bumps 31' made of gold, for
example, for flip-chip bonding to LSI chips 81 and 82. The
wiring film 3 and the wiring film 4 formed above the wiring
film 3 are insulated from each other with the insulating film
(resin) 3' or with the gap filling resin 58 (FIG. 2 (A)). The LSI
chips 81 and 82 are incorporated into the insulating film
(resin) 3.

[0122] Reference numerals 76 and 77 denote resins as
underfill resins filled in portions between the L.SI chip 81 as
the circuit element and the insulating film (resin) 2' and
between the LSI chip 82 as the circuit element and the wiring
film 3.

[0123] The LSI chips 81 and 82 are each prepared by pol-
ishing a wafer member at a rear surface so as to have a
thickness of 50 um or smaller. The LSI chips 81 and 82 are
mounted to the rigid wiring portion A and the flexible wiring
portion B, respectively.

[0124] The LSI chips 81 and 82 are prepared as follows.
That is, the thickness thereof is adjusted to 10 to 50 um by
polishing the surface opposite to the main surface where the
integrated circuit is formed, that is, the rear surface of the
semiconductor substrate (semiconductor substrate after cut
into a semiconductor chip or still in a wafer state). Further, the
prepared one is cut into a chip with a size of about 20 mm on
a side, for example. The inventors of the present invention
have made studies and experiments and thus confirmed that
this type of chip having a rectangular shape with a size of
about 20 mm on a side, for example, and a thickness of 50 um
or smaller can exhibit a flexibility.

[0125] Thus, the chip can be, because of its flexibility,
incorporated into the flexible wiring portion B without
impairing the flexibility. This means that conventional ele-
ments such as LSI chips can be incorporated into the flexible
wiring portion B, leading to further improvements in pack-
aging density of the wiring board.

[0126] The wiring film 4 is made from a copper layer
formed into a predetermined pattern. Plural bumps 41" are
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formed on one (lower) surface of the wiring film 4 for con-
necting between the wiring films 3 and 4. The wiring films 3
and 4 are connected to each other with the bump 41" passing
through the insulating film 3' formed outside the portions
where the LSI chips 81 and 82 are mounted, through the
insulating film 3' with the LSI chips 81 and 82 interposed
therebetween.

[0127] The wiring film 5 is made from a copper layer
formed into a predetermined pattern. The resistor R as the
circuit element (functional element) and plural bumps 51' for
connection with the wiring film 4 are formed on one (lower)
surface thereof.

[0128] The resistor R is constituted of a film resistor ele-
ment 52 formed between portions serving as electrodes
through the application. The bump 51' passing through the
wiring film 4' connects between the wiring films 4 and 5
through the insulating film 4'.

[0129] The wiring film 6 is made from a copper layer
formed into a predetermined pattern. Plural bumps 61' are
formed on one (lower) surface of the wiring film 6 for con-
nection with the wiring film 5. The wiring films 5 and 6 are
insulated from each other with the insulating film 5' and
connected through the bump 61' passing through the insulat-
ing film 5'.

[0130] The above wiring board with a built-in circuit ele-
ment is manufactured substantially through the following
steps.

[0131] (1) The plural bumps 31' made of gold, for example,
are formed for connection with the L.SI chips 81 and 82 on the
copper layer serving as the wiring film 3 by selective plating.
The LSI chips 81 and 82, after the wafer member at the rear
surface is polished to a thickness of 50 um or smaller, are
subjected to flip-chip bonding thereto through the insulating
resins 76 and 77, respectively.

[0132] (2) The laminate metal plate is prepared by laminat-
ing the first copper layer with a thickness of about 3 to 18 pm,
which forms a wiring pattern for the wiring film 4 after
etching, and the second copper layer with a thickness of 30 to
100 um, which forms the bump 41" after etching, through a
nickel layer with a thickness of 0.5 to 2 pm, which forms an
etching barrier. Then, the second copper layer is etched into
the bump 41". Further, the bump 41" formed from the second
copper layer is used as an etching mask for etching the nickel
layer to form a bump 41"

[0133] (3) The insulating film made of polyimide, a liquid
crystal polymer, or a BCB film is holed at portions where the
LSI chips 81 and 82 are mounted as a device hole to thereby
form the insulating film 3'. The wiring film 4 having the bump
41" formed thereon is brought into pressure contact with the
insulating film 3' so as to allow the bump 41" to penetrate the
wiring film 3'. Further, the tip portion of the bump 41" pro-
truding through the wiring film 3' is polished until it becomes
substantially flush with the insulating film 3' surface.

[0134] (4) Anopening (device hole) of the insulating film 3'
integrated with the wiring film 4 is applied with a gap filling
resin (not shown) to press-bond thereto the wiring film 3
where the LSI chips 81 and 82 are mounted. As a result, the
laminate plate is obtained, in which the wiring films 3 and 4
are laminated through the insulating film 3' and the LSI chips
81 and 82 are incorporated therein.

[0135] (5) The copper layers for the wiring films 3 and 4 of
the laminate plate prepared in the step of (4) are etched and
patterned with a predetermined pattern.
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[0136] (6) The laminate metal plate is prepared similarly to
the step of (2). The plural bumps 25 are formed on the copper
layer forming the wiring film 2 through the similar step. The
dielectric film 22 of the capacitor C is formed through the
application on the surface having the bump 25 formed thereon
of'the wiring film 2. Then, after dried and cured, the dielectric
film 22 is applied with the silver paste film 23, followed by
drying and curing.

[0137] (7) The wiring film 2 having the bump 25 formed
thereon is brought into pressure contact with the insulating
film 2' such that the bump 25 passes through the insulating
film 2'. The tip portion of the bump 25, which protrudes
through the insulating film 2' is polished so as to be flush with
the insulating film 2' surface.

[0138] (8) The resistor R and the bump 51' are formed on
the copper layer forming the wiring pattern through steps
similar to those of (6) and (7). Further, the insulating film 4' is
integrally laminated on the surface thereof to form the wiring
film 5.

[0139] (9) The wiring patterns of the wiring films 3 and 4,
which are formed in the step of (5) overlap and connect with
the wiring film 2 formed in the step of (7) and the wiring film
5 formed in the step of (8) through the bumps 25 and 51,
respectively.

[0140] (10) The copper layers of the wiring films 2 and 5 at
the surfaces of the wiring board, which are laminated in the
step of (9), are etched respectively into predetermined pat-
terns.

[0141] (11) The laminate metal plate is prepared similarly
to the step of (2) and the plural bumps 61' are formed on the
copper layer forming the wiring film 6 through the similar
step. Further, the insulating film 5' is integrally laminated on
the surface of the copper layer forming the wiring pattern
through the step similar to that of (7) to thereby form the
wiring film 6.

[0142] (12) The wiring film 1 is formed by integrally lami-
nating the insulating film 1' on the surface of the copper layer
forming the wiring pattern through the same step as that of
(11).

[0143] (13) The wiring patterns of the wiring films 2 and 5
formed in the step of (10) overlap and connect with the wiring
film 1 formed in the step of (12) and the wiring film 6 formed
in the step of (11), respectively, through the bumps 12' and
61', respectively.

[0144] (14) The copper layers of the wiring films 1 and 6 at
the surfaces of the wiring board, which are laminated in the
step of (13), are etched respectively into predetermined pat-
terns.

[0145] (15) The external connection terminal 13 is formed
at a predetermined position of the wiring pattern of the wiring
film 1 formed in the step of (14). Through the above steps, the
multilayer wiring board for an electronic device with a built-
in circuit element as shown in FIG. 6 is thus completed.

[0146] As set forth hereinabove, the wiring board with a
built-in functional element according to this embodiment is
such that the semiconductor integrated circuit elements or
passive functional elements are embedded inside the multi-
layer wiring board, whereby the functional elements can be
three-dimensionally arranged. Thus, the multilayer wiring
board having high packaging density can be obtained. Also,
the flexible wiring portion as well as the rigid wiring portion
are provided, whereby there is an advantage that the multi-
layer wiring board can find its application in a wider range.
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[0147] Further, regarding the wiring films, the laminate
metal plate of the three-layer structure is etched and the
bumps and the wiring patterns are integrally formed, which
brings about an advantage that the highly reliable multilayer
wiring board can be offered.

[0148] Note that the present invention is not limited to the
above embodiments but allows various modifications. Modi-
fied examples thereof include the following.

[0149] (A) Inthe above description, the rigid wiring portion
A has the six-layer structure while the flexible wiring portions
B and C have the two-layer structure and the single-layer
structure, respectively. However, an arbitrary number of lay-
ers may be used for each wiring portion.

[0150] (B) The types and numbers of circuit elements (in-
ductor L) and passive functional elements (resistors [ and R
and capacitor C) can be arbitrarily set for each layer.

[0151] (C) The plural bumps 31' made of gold, for example,
for flip-chip bonding to the LSI chips 81 and 82 are formed at
predetermined portions of the wiring film 3. However, it is
possible to dispense with the gold-made bumps 31' in the case
where the connection bumps are formed on the LSI chip side.
[0152] (D) The wiring films 1, 2, 4, 5, and 6 are formed
using the laminate metal plate of the three-layer structure
having the etching stopper made from the nickel layer. How-
ever, the formation method and material therefor are not
limited to the illustrated ones.

[0153] (E) The resistor R is prepared such that part of the
copper layer constitutes the electrodes and the film resistor
element 52 connects therebetween. However, it is possible
that the silver paste electrodes are formed on the copper layer
surface and the resistor element is formed through the appli-
cation so as to connect between the silver paste electrodes,
followed by drying and curing.

[0154] Although the invention herein has been described
with reference to particular embodiments, it is to be under-
stood that these embodiments are merely illustrative of the
principles and applications of the present invention. It is
therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the
spirit and scope of the present invention as defined by the
appended claims.

1. (canceled)

2. An electronic assembly comprising:

a flexible insulating film having a first major surface and a
first patterned metal wiring film extending parallel to the
first major surface;

a semiconductor component having a thickness ofless than
50 micrometers;

a conductive interconnect extending through the flexible
insulating film;

a second patterned metal wiring film adjacent a first exter-
nal surface of the electronic assembly; and

a third patterned metal wiring film adjacent a second exter-
nal surface of the electronic assembly,

wherein the second patterned metal wiring film is electri-
cally coupled with the third patterned metal wiring film
through the conductive interconnect; and

wherein the semiconductor component is coupled to the
first patterned metal wiring film and at least one of the
second patterned metal wiring film or the third patterned
metal wiring film.

3. The electronic assembly of claim 2, wherein the conduc-

tive interconnect is an etched metal bump interconnect.
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4. The electronic assembly of claim 2, wherein the assem-
bly includes a flexible portion and a rigid portion, the flexible
portion including at least a portion of the flexible insulating
film extending beyond the rigid portion of the assembly.

5. The electronic assembly of claim 4, wherein the flexible
portion includes at least a portion of the semiconductor com-
ponent.

6. The electronic assembly of claim 4, wherein the conduc-
tive interconnect and the first patterned metal wiring film are
integrally formed.

7. The electronic assembly of claim 4, further comprising a
terminal disposed at the second external surface.

8. The electronic assembly of claim 4, further comprising a
conductive mass overlying at least a portion of the terminal.

9. The electronic assembly of claim 2, further comprising a
second flexible insulating film having a second major surface
and a fourth patterned metal wiring film extending parallel to
the second major surface.

10. The electronic assembly of claim 2, wherein the fourth
patterned metal wiring film is electrically coupled with one of
the first and second patterned metal wiring films.

11. An electronic assembly comprising:

a first surface, an opposed second surface, and an edge
surface extending at least partially between the first and
second opposed surfaces;

a first patterned metal wiring film extending parallel to the
first surface of the assembly;

asemiconductor component having a thickness of less than
50 micrometers;

a flexible insulating film having a first major surface par-
allel to the first surface and a second patterned metal
wiring film, at least a portion of the flexible insulting
film extending in a direction away from the edge surface
of the assembly, and
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a plurality of conductive interconnects extending through

the flexible insulating film,

wherein the second patterned metal wiring film is electri-

cally coupled with the first patterned metal wiring film
through at least one of the plurality of conductive inter-
connects; and

wherein the semiconductor component is coupled to the

first patterned metal wiring film and the second pat-
terned metal wiring film.

12. The electronic assembly of claim 11, wherein at least
another portion of the flexible insulating film is disposed
between the first and second opposed surfaces.

13. The electronic assembly of claim 11, further compris-
ing a third patterned metal wiring film extending parallel to
the second opposed surface.

14. The electronic assembly of claim 11, wherein the plu-
rality of conductive interconnects and the second patterned
metal wiring film are integrally formed.

15. The electronic assembly of claim 11, further compris-
ing a terminal disposed at the second opposed surface.

16. The electronic assembly of claim 15, further compris-
ing a conductive mass overlying at least a portion of the
terminal.

17. The electronic assembly of claim 13, further compris-
ing a second flexible insulating film having a second major
surface and a fourth patterned metal wiring film extending
parallel to the opposed second surface.

18. The electronic assembly of claim 17, wherein the third
patterned metal wiring film is electrically coupled with at
least one of the first and second patterned metal wiring films.

19. The electronic assembly of claim 11, wherein the plu-
rality of conductive interconnects are a plurality of etched
metal bump interconnects.
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